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FLEXISPLINE MOTOR 

[001] This invention relates to a high torque motor, which as part of its construction contains a 
magnetic permeable cup, which is elastically distorted by the influence of a magnetic field. This cup 
has the classical shape of an open-ended tin can in which a cylinder and generally an end disc are 
integraUy comiected. The open end of the cylinder incorporates a band gear having radially extending 
teeth which' is also capable of undergoing elastic deformation as the cylinder of the cup is deformed. 
*wken!the magnetiddly penneableJciij) is e^qjo a,rotating.magnptic field, an elastic distortion is 
produced, which manifests, itself as'a Wave phenomena proigressing* around the open end of the cup; 
That is the open end of the can assumes the shape of an ellipse (two-lobed) or tricom (three-lobed), 
which shape continues to rotate about the longitudinal axis of the cup. 

[002] The open end of the cup on which the band gear is located is made to contact a gear in close 
proximity to ^e cup (which gear does not undergo any significant distortion) and which is contacted 
by said gear for example at two opposing points at the ends of die major axis of the elliptical shape 
assumed by the cup and band gear combination. ^ 

[003] The band gear and flie contacting gear have teeth, which mesh; both sets of teeth have the 
same pitoh but differ in number. As the distorted shape of the end of the cup sweeps around the 
central axis of the cup, the radially extending teeth of the band gear progressively engage different 
teeth of the contacting geiar; and because of die differing number of teeth on the two gears, relative 
rotation of the two gears occurs. This gearing phenomenon is well known and is usually referred to as 
strain wave gearing. 

[004] . An alternative form of construction embodies a composite ntiaterials flexispline of thin 
cylinder foim, open bodi ends, and rotatively fixed by means of integral male longimdinal splines. 
These splines mating into similar female splines formed in the circumferential surface of die internal 
electromagnetic core, this allows band gear teeth radial movement but prevents flexispline rotation, 
while permitting torque transfer with distributed pressure. 



BACKGROUND OF THE INVENTION 



[005] The principles of strain wave gearing or flexispline drives are well known and are discussed 
in U.S. Patents 2,906,143 (September 29, 1959) and 2,931,248 (April 15, 1960) issued to Musser. . 



There the underlying principles involving the continuous oscillatory contact of a fiexfole spline 
(flexispline) witb a ring gear to produce a rotational ou^ut firom die ring gear are discussed in some 
detail. A torque is produced in the ring gear by the continuous elastic deformation of the flexible 
spline's gear tooth ring by a cam device called a strain inducer to cause the teeth on the flexispline to 
be driven into sequential engagement with the teeth of the ring gear. 

[006] Because the fixed flexispline and the ring gear have a different number of teeth, the ring gear 
is forced to rotate a distance equal to the small tooth difference (generally two teeth for elliptical 
distortion) between the flexispline and the ring gear for one revolution of the strain inducer. 

[007] Providing that the number of teeth on the flexispline and ring gear is large and the tooth 
differential is small between the flexispline and the ring gear (as it usually is), a tremendous gear 

- ' — a?^. -I*** vi.l;- - - 

reduction ratio can be realized between the rotation of the strain inducer and die ring gear'. The output 
torque is developed from the continuous sequential meshing of the teeth of the flexispline witii die ring 
gear and is proportional to the inverse of the gear ratio. This torque is generated by the rotating strain 
inducer,, which is constantiy distortmg the flexispline to engage the ring gear in a sequential manner? 

[008] Since 1959, a number of electromagnetically driven strain wave gearing units have been 
produced in which a permeable magnetic cup was distorted by an electromagnetic force to produce 
rotation of the flexispline cup. Various materials., and configurations of the materials, forming the 
magnetic cup were attempted widi varying degrees of success. 

[009] The size and shape of the imit may change, but the continuous sequential distortion of a 
flexible cylinder is^always present to produce ou^ut rotational motion at modified speeds. 

SUMMARY OF THE DSfVENTION 

[0010] This invention relates to a high torque motor, which contains, as part of its construction a 
magnetically permeable sleeve (flexispline). Preferably, the sleeve in its non-deformed shape is 
cylindrical, but wh&n imder the influence of an electromagnetic field becomes distorted into an 
ellipsoidal or tricomal shape. Both the flexispline and the stator core of the motor remain rotationally 
stationary during operedon of the unit. 

[0011] The sleeve itself is preferably anchored to a cylindrical magnetic core by means of a bolted 



flange arrangement or interlocking splines, which prevent rotation of the sleeve, but allow it to 
undergo a cross-sectional shape distortion from a circle to an ellipse or txicom. 

[0012] The magnetic core preferably is provided win a series of axially extending grooves (slots) on 
its surface which lock into complementary splines on. the inside of the surface of flie flexispline sleeve, 
liie grooves of the magnetic core may also house the stator windings which produce the 
electromagnetic field in the motor. 

[0013] One part of the sleeve is provided with gear teeth which may be integrally fonned in the 
sleeve surface or it may be a band fixed to the surface of the sleeve by some acceptable means. The 
band gear is also distorted by flexing motion of the sleeve to undergo the same distortion as the sleeve, 
and is preferably constructed firom low elastic-modulus materials, such as polymer composite or hard 
coated magnesium or aluininium alloy. 

[0014] The band gear of the sleeve meshes with another gear which, at rest, preferably is spaced very 
close to but not necessarily engaging the band gear. The. band gear and the enclosed gear have the 
same tooth pitch, but the tooth number are deliberately made to be different for the two gears. 

[OOlS] Upon excitation of the magnetic core, the sleeve undergoes wave distortion as does the band 
gear and the distortion of the band gear causes the band gear teeth to engage the teeth of the other gear 
at corresponding points. As the distorted sleeve^shape sweeps about the other gear, the tooth 
engagement progresses around the said gear and because of the difference in the nuniber of teeth on 
the two gears, the said ou^ut gear rotates in greatly reduced motion, with respect to the rotating 
excitation magnetic field. 

[0016] The flexispline and the stator core comprise an electromagnetic system for which a rotating 
magnetic field is generally produced by a set of preferably inverted stator windings placed inside the 
flexispline which in turn produces a magnetic flux to distort the flexispline. In this instance the stator 
windings are carried by the central core or that part of a conventional electric motor which is usually 
occupied by the rotor. 

* 

[0017] Preferably, the stator core comprises a body of laminated magnetic material or its equivalent 
to enhance the concentration of the magnetic field produced by a set of windings carried by the stator 
core. 
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[0018] These stator core windings are made to produce rotating magnetic flux which preferably 
passes from the core, then into the flexispline and returns to tibie core. This magnetic flux preferably is 
produced by passing a modulated current through the core windings. The resultant magnetic flux . 
produces a rotating radially directed force, 

[0019] The stator core itself is preferably mounted on a sturdy stationary central post which may be 
hollow and comprised of an electrically resistive (ohmic) magnetic material which serves to provide a 
rigid mounting means for the ring gear hub and any external load carried by the hub at the end Of the 
post. The hub is mounted on the post so that the ring gear provided in die hub enjoys a close 
concentric relationship with die' stator core and die flexispline.. Preferably, a set of bearings assures 
that the coaxial relationship of the core and the ring gear is maintained during rotation of flie hub. 
t 

[0020] The hub may be connected ta an output shaft or a screw actuator to produce rotational or 
linear motion. It may also be mounted within a wheel of a vehicle to provide power to drive die 
wheel. When the device of this invention is mounted within a wheel, the shaft may also support the 
cantilevered vehicle load on the extended shaft and bearings. . ^ . 

[0021] Some differences over the prior art may be noted. 

1) The stator core is surrounded by the distorting flexispline, and 

2) the flexispline itself provides a return pafli for the magnetic flux. This improves flie applicability of 
this device to more diverse applications and allows the flexispline diameter to be increased 
substantially over the prior art motors. These features make it possible to increase the output torque, 
power and efficiency of the device over the prior art models. 

3) The flexispline itself does not rotate during operation of the motor. 

4) The stator windings may be designed to maximize the radially directed flux vector, which is 
responsible for causing engagement of the band gear and the enclosed gear, and hence to maximise 
torque output. 

5) The use of a conq)osite or wire/tape wound flexispline also reduces flexisplme distortion stifBiess, 
which increases torque output and efficiency. 

6) The use of a splined interlocking flexispline arrangement dispenses with the need for a closed-ended 
cup assembly to transfer output torque, and also reduces die torsional stif&iess requirements of same. 



PRIOR ART 
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[0022] US Patent 2,906,143 Musser September 29 1959: 

This patent describes in detail the principles of strain wave gearing using a mechanical strain inducer 
to distort the flexispline. At Figures 54 and 55 Musser briefly describes a method of operation of a 
flexispline device driven by a polyphase electrical input and a series of electrical solenoids. 

[0023] US Patent 3,169,201 Spring et al February 9, 1965: 

This patent describes a flexispline motor havmg an external stator (which is stationary) comprising a 
number of circumferentially distributed salient poles (axially aligned solenoid pole pairs) having an 
adjacent ring gear also mounted in the stator adjacent the poles. 

A flexispline rotor is attached tq a shaft and is mounted for rotation within the stator and is 
provided with external gear teeth on the exterior surface thereof to mesh with a ring gear encircling 
the flexispline. The flexispline rotor is provided with a radial series of magnetically peimeable axially 
aligned laminations mounted under its surface and allowed to pivot about one end (acting as a lever). 
These laminations are fastened to a rotor fulcrum ring and encouraged to pivot when subjected to a 
radial magnetic,- force. A substantial mechanical advantage results: Upon actuation by a sequentially 
pulsed rotating magnetic field, the laminations piyot outwardly to cause the flexispline to distort and 
contact the surrounding ring gear. This causes rotation of the flexispline rotor and its attached shaft 
(in a direction opposite the direction of the rotating magnetic field). The rotor thus moves in 
accordance with the tooth differential existing between the ring gear and the flexispline gear giving 
rise to substantially reduced rotational motion at the output. 

[0024] US Patent 3,496,395 (NeweU February 17 1970): 

In one described embodiment of this technology, a stator is supplied with a set of windings to produce 
a rotating magnetic field. The stator comprises a series of stacked laminations which not only serve to 
provide a mounting system for the windings but also serve to provide a surface for attaching a 
stationary co-axial ring gear in the air gep between die stator and the flexispline rotor. The stationary 
ring gear has internally extending teeth which are engaged by the flexispline rotor externally extending 
teeth as it is distorted by a rotating magnetic field. 

The flexispline rotor in this instance is a thin flexible magnetically permeable hollow cylinder having 
ends closed by membranes which support and allow deflection of the cylinder but limits die magnetic 
flux flow through it. 

A shaft is made to pass through the central axis thereof. The closed ends of the flexispline cylinder 
are fastened to the shaft so that any rotation of the flexispline is transferred to the central shaft. 
The rotating flexispline is provided with a gear which is mounted or formed in the surface thereof to 
contact the internally extending teeth of the stationary ring gear. 



The magnetic flux produced by the stator windings passes into and retains from the hollow flexispline 
tube to produce a magnetic attraction force. Thus the circular shape of the cylindrical flexispline tube 
is distorted outwardly to force the teeth of the flexispline into engagement with the teeth of the 
stationary ring gear. The flexispline rotor thus rotetes according to the tooth differential of the two 
sets of meshing gears, but in the opposite direction to the rotating magnetic field. 
The major focus of this patent is to produce a biased coiled magnetically permeable flat strip -within 
the flexispline rotor to enhance the magnetic attraction between the flexispline and the stator and to 
reduce edge effect discontinuities which effect the position control 
accuracy in a servomotor positioning application. 

[0025] US Patent 3,169,202 Proctor et al February 9, 1965: 

This patent describes a flexispline motor having a fixed external stator in which conventional three 
phase induction windings and a stationary ring gear are mounted. A flexispline having pockets of 
powdered iron arranged beneath its sur£ace, is influenced by a rotating magnetic field to distort under 
the attractive force of that field. This catises engagement of tbe flexispline gear with the stationary 
ring gear to produce motion in accordance with the tooth differential of the flexispline gear and the 
ring gear. ' 

Various rotor constructions are shown in this patent, all designed to enhance the magn^c force 
attraction produced in the rotor by the magnetic field. 

[0026] US Patent 3,609,423 Sprmg September 28, 1971: 

i 

This patent proposes the use of a tapered coil of flat flexible magnetic material beneath flie flexispline 
to enhance elasticity and ntiagnetic force attraction of the flexispline. The magnetic material is 
strategically slotted axially to decrease eddy current circulation. 

[0027] US Patent 5,691,584 November 25, 1997: 

This patent is an excellent exanqple of the state-of-the-art electrically driven vehicle in which a drive 
motor is located within the wheel and is connected through a double reduction gear transmission to 
produce a high driving torque. 

[0028] US Patent 5.600,191 February 4, 1997:- . 

This relatively recent patent describes a driving assembly for a wheel In which low torque 
requirements are produced by an inside-out motor where the stator carries permanent magnets. 

[0029] US Patent 4.389,586 June 21, 1983: . 
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This patent describes a driving arrangement for the wheel of a very large off-the-road vehicle. A DC 
motor drives the wheel through a double reduction gear train. 

[0030] List of the drawings: 

I^ig 1 is a cross sectional view of a flexispline motor. 

Fig 2 is a cross sectional view of alternative construction to Fig 1; 

Fig 3 is an exploded perspective of view of the device of Fig 1 . 

Fig 4 is an exploded perspective view of the device of Fig 2. 

Figs 5A,5B,5C show die distortion of the flexispline of Fig 1 as the magnetic field rotates. 
Figs 6A,6B,6C show tiie distortion of the flexispline of Fig 2 as die magnetic field rotates. 
Figs 7,8,9,10 show alternative constructions for flexispline motors. 
Fig 11 is a sectional view of a flexispline and core shown at 6-6 in Fig 1 and Fig 2. 
Fig 12 is an illustration of the flux flow of a conventional pol3n?hase sinusoidally excited flexispline 
motor having internal and external core assemblies, with dumbbell-shaped stator core teeth. 
Fig 13 shows a core punching con^onent of a flexispUne motor, with straight stator corq teeth. 
Fig 14 shows a winding configuration for a core composed of the punchings of Fig 13. 
Fig 15 shows die flux pattern for die flexispline core of Fig 14. 

Fig 16 shows a typical current flow in the four phases of winding assembly shown in Fig 14. 

Fig 17 is a representation of an eight legged magnetic core alternative structure. 

Fig 18 is a perspective view of a winding shaped to fit over one of the core legs of Fig 17. 

Fig 19 is an illustration of the core of Fig 17 fitted wifli the coils of Fig 18. 

Fig 20 is a simplified wiring circuit for the core of Fig 17. 

Fig 21 shows the flux distribution for the wired core of Fig 20. 

Fig 22 shows an illustration of a double core switched reluctance flexispline motor. 

Fig 23 shows a flexispline motor of a tricomal flexispline configuration. 

Fig 24 shows the motor of Fig 22 with one set of poles energized. 

Fig 25 shows the motor of Fig 22 widi a second set of poles energized. 

Fig 26 shows the motor of Fig 22 with a third set of poles energized. 

Fig 27 shows a preferential wave form for current supplied to the excitation poles of the motor of 
Fig 22. 

Fig 28 is an exploded view of a splined flexispline motor. 

Fig 29 is a cross sectional view of the assembled motor of Fig 28. 

Fig 30 shows an alternative flexispline motor arrangement, having in-board bearings. 

Figs 31A,31B,31C,31D describe, in block diagram form, control circuitry adaptable for control of 
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switched-reluctance versions of flexispline motors. 
THE PRBFHEIRED EMBODIMENTS 

[0031] Referring now to Figs 1 and 3 in which wheel motor 10 is shown as a cross section Fig 1 and 
as an exploded view in Fig 3, The motor 10 is mounted on base plate 12, which in this illustration is 
provided with four threaded holes 14. The number of threaded holes depends on the application; fliere 
may be more or less holes 14 depending on the required ou^ut, A sturdy post 16 (which is preferably 
hollow, magnetic and of a high ohmic resistance) is mounted on base plate 12 so as to project 
orthogonally therefrom. 

[0032] Post 16 is provided with keyway 18 and wheel bearing mountmg segment 20. Post 16 
terminates in a threaded end 22. 

[0033] A somewhat cup-shaped flexible sleeve 24 (flexispline) is mounted on base plate 12 between a 
pair of spacers 26 by means of screws 28 so that it may not rotate. Sleeve 24 has a closed end 30 
(which may be of somewhat heavier construction tiian the cylindrical upstanding portion 32) which is 
integrally attached to end 30. 

[0034] isieeve 24 has an open end 34 remote from end 30. The end 30 of flexispline 24 has a 
locating hole 36 provided therein to guide the flexispline along post 16 during installation, and the 
opening 36 serves to centre and locate the flexispUne 24 on base 12 so that the holes 38 and 40 in the 
spacers 26 and end 30 of flexispline 24 may be easily aligned with threaded holes 14 of base plate 12 
for ease of assembly and to maihtain gearing tolerances. 

[0035] The cylindrical upstanding portion 32 of flexispline 24 is provided with an external toothed 
gear 42 at or near the end 34 of flexispline 24. The flexisplme 24 (m this instance) is composed of a 
highly permeable magnetic material having a high magnetic saturation level, as well as exhibiting a 
high resistance to eddy current circulation. 

[0036] A suitable material for flexispline 24 for this application would be iron or iron alloys 
including steel silicon, nickel and/or cobalt alloys. The cylindrical shell 32 is purposely made to be 
what is generally referred to as a thin walled member so that its usual shape (that is to say, its 
undeformed and undistorted shape — which is a cylinder) may be readily distorted to take on the 
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general shape of an ellipse (when compelled by the magnetic force to change from its normal shape). 

[0037] The deflection of the wall 32 of the flexisplme 24 may be determined by the following 
equation: 

P = K.D.L.t3.E/r3 
where K = a constant 

D = diametrical deflection of cup (approximately twice the gear tooth height) 
P = radial distorting force 
L = axial length of the cup 
t = wall thickness 

E = flexoral modulus (or con^posite flexural modulus) 
r = radius of sleeve 

[0038] One of the characteristics which should be (detemjined with respect to the flexispline 24 before 
degree of deflection force is finally determined, is the amoimt of torsional twisting (shear stif&iess) the 
flexispline 24 must withstand during operation. Hie spline gear 42 mounted or formed on the outer 
surface of the sleeye will have a significant influence on the sleeve stif&iess, which should therefore be 
mioimisedi Equation (1) above will also apply to the presence of spline gear 42 on flexispline 24 as 
well. In addition, it may be found fliat it is necessary to coat spline gear 42 with a hard coating to 
inq)rove its wear characteristics. 

[0039] The flexispline 24 is mounted on base plate 12 by sliding it along post 16 until holes 38 and 
40 Une up with threaded holes 14. Countersunk screws 28 are threaded flurough holes 38 and 40 into 
the threaded holes* 14 to hold the flexispline 24 finely between spacers 26 against base 12. 

[0040] Next a magnetic core 44 is slid into place on post 16 and is rigidly mounted and located on 
post 16 in its home position and held in this location (in this instance) by means of key 46 in keyway 
18. A corresponding keyway (not shown) is formed in core 42 to conq?lement the keyway 18 formed 
in post 16. 

[0041] Core 44 is supplied with a winding 48 which is wound in core slots 50 formed in the surface 
of core 44 in such a manner as to provide tixe rotating magnetic field when energized. This field 
ultimately causes the flexure of the waU 32 of flexispline 24. 




[0042] A conventional Aree phase two pole winding may be used to provide tiiie necessary deflection 
of the sleeve 32 of flexispline 24. 

[0043] Next a hub 52 (on which a wheel may be mounted) is rotatably joumalled on post 16 by 
means of flmist bearings S4, 56 which are mounted on bearing segment 20 of post 16. . In fbis 
instance, hub 52 is a robust casting having a similar shape to a truck or transport hub and brake drum 
assembly. ' 

[0044] Hub 52 is provided with a pair of bearing recesses to receive a pair of thrust bearings 54 and 
56 therein to assure that hub 52 is firmly locked into position and rotates concentrically with the axis 
of post 16. 

[0045] Cylindrical shell 60 of hub 52 is provided with a candlevered shell portion 62 which is 
provided with an internal spline gear 64. Gear 64 is made to have teeth which mesh with the teeth of 
spline gear 42 of flexispline 24 but the teeth comprising gear 64 are intentionally made to be different 
in nimiber than the teeth m splme gear 42. 

[0046] Hub 52 may be provided witibi a series of studs such as 66 for mounting a wheel run diereon. 

[0047] Referring now to Figs 5A,5B,5C, and Figs 6A,6B,6C, motor 10 is represented in cross 
section as taken along the axis of post 16, showing the distortion of flexispline 24 as the magnetic flux 
rotates about the axis of motor 10. Note that core 44 and flexispline 24 are rotationally stationary, but 
gear 64 is forced to rotate in the same direction as the rotating magnetic field. 

[0048] The magnetic material comprising flexispline 24 is attracted to core 44 at the point where the 
magnetic flux entianating firom core 44 is greatest; at this point the interior surface of flexispline 24 is 
usually designed to be in contact with the exterior surface of core 44. 

[0049] The rotating elliptical shape of flexispline 24 may in tune produce wear on the surface of core 
44 even though flexispline 28 and core 44 have no rotational motion (both are stationary). Flexispline 
28 oscillates about die axis of motor 10 with a veiy small an^Iitude. 

[0050] Because of this it may be necessary to provide the contacting surfaces of flexispline 24 and 
core 44 with a lubrication which may be in the form of a solid lubricant incorporated the surface of 
core 44. Core 44 may be fabricated from iron laminations stacked to the desired length, or core 44 



may be a composite, having finely divided particles of a magnetic material encapsulated in a polymeric 
substance. The latter composite provides a material having good magnetic permeability 
characteristics, while providing excellent resistance to the flow of three dhnensional eddy currents. 
The composite core just described also provides a surface in which it is quite possible to incorporate a 
solid lubricant to reduce frictional losses (which leads to less production of heat in the core) and also 
to help dampen any vibrations due to system resonances. 

[0051] Fig 2 shows the modification of the device of Fig 1 wherein the ring gear (62 of Fig 1) is 
equivalent to gear 162 located on flie mlerior of flexispline 124. The core 144 is provided with 
winding 148 to provide the magnetic attraction of flexispline 124 toward core 144. The basic 
difference in operation of the devices of Figs 1 and 2 is that the flexispline 24 of Fig 1 contacts tiie 
ring gear 62 at an angle of 90 from the point of maximum flux force produced by core 44, whereas 
the point of contact of flexispline 124 (Fig 2) with ring gear 162 is coincident with the maximum flux 
force produced by winding 148 on core 144 in Fig 2. 

[0052] Figs 4 and Figs 6A,6B,6C similarly describe the motor 1 10 of Fig 2. . 

[0053] Figs 7 & 8 show an enhancement for the devices of Figs 1 & 2. Most of the con^onents of 
Fig 7 & 8 are identical to the conq)onents shown in Fig 1 and Fig 2. 

[0054] A flexispline 244 is moimted on base 212. Core 244 carrying winding 248 is mounted on 
post 216 and locked in place with key 246. 

[0055] The major difference is the presence of a multi-layer wire winding 280 on the surface of 
flexispline 224. Winding 280 in this instance is shown having a circular cross section and is woimd as 
a helix around flexispline 224. The winding 280 comprises a magnetic material to enhance the 
magnetic attraction of the flexispline 224 to core 244 and to minimize the generation of eddy currents. 

[0056] The winding 280 may be wound and bound to die surface of the flexispline as in a fitement 
winding process or as a preformed coil, which acts as the flexispUne. In either case the objective is to 
minimize the stiflhess of the flexispline-coil combination (to keep the distortions stifihess to a 
reasonable Fig, whilst maxinuzing the area for the flow of magnetic flux). 

[0057] To obtain a better fill factor and reduce the number of radial air gaps in the wire layers, the 
wire comprising the winding 280 may have a square or rectangular cross section with axial thickness 




of about 0.014 ins to 0.025 ins. Suitable compositions for the wire comprising winding 280 are 
Carpenter Silicon Core Iron B or Amorphous Metal (Honeywell 2605C0). 

[0058] The turns of windmg 280 should be insulated (preferably on the axial facing ody) from each 
other to reduce eddy current flow in winding 280, usually an oxide or phosphate coating formed on 
the turns comprismg windmg 280 is sufficient for this purpose. Note that there is no electrical 
continuity between the whre layers because the, wure ends at both ends of the flexispline 224 and thus 
forms an open circuit. 

[0059] It may be expected that by the judicious selection of the magnetic material and the polymeric 
material binding the wire or ta^e forming winding 280 of motor 210, the distortion stif&iess of the 
combined metal flexispline 224 and wmding 280 may be reduced by a factor of 3 or more in 
comparison with an equivalent solid metal flexispline. Similarly, variations of the helical wke- 
winding angle will also modify the distortion stif&iess of flie flexispline. 

[0060] A flexispline motor 310, which is a modification of the flexisplme motor 10 of Fig 1, is 
shown having a composite cup 324 in Fig 9. The cup 324 is composed of a composite of polymer 
based wire or tape wound magnetic material bonded to flange 345, which now functions as a torque 
transmission agent and fulcrum (lever pivot point) for the electromagnetic deflection of flexispline 
324. 

[0061] A set of braking pads 370 and 372 are shown for arresting motion of the flexispline 324 and 
rotation of hub 352 if requked. 

[0062] In Fig 10, a flexispline motor 410 is shown mounted on base 412. A quill 416 is firmly 
mounted on base 412. A magnetic core 444 is securely mounted on quill 416 by means of key 446. 
Windings 448 are wound on core 444 as shown in Fig 11. 

[0063] The end 430 of flexispline 424 is firmly attached to baseplate 412 by means of spacers 426 
and screws 428 as to be coaxial with quill 416 in its rest position. At the remote end 434 of 
flexispline 424 is a band gear 442, which encircles the open end. of flexispline 424 on the exterior 
surface thereof. 

[0064] A driven element 452 is mounted m bearings 454 and 456 mside quill 416. Driven element 
ft' * , ■ * 

452 comprises a disc 470 attached to shaft 472 which extends through base 412 to form sharp 
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. projection 474, and disc 470 may caixy wheel studs such as 476 or a shaft extension such as 478 (in 
the absence of studs 476). ' 

[0065] This constniction aUows the flexispline niotor 410 to be adaptable to drive ^ 
or both ends simultaneously. 

[0066] A wmding similar to winding 280 may be incorporated into the structure of flexispline 424 to 
inq>rove its magnetic characteristics. Of course, the motor structure may take the form of the 
flexisplme motor in Fig 2 wherein the flexisplme 424 would surround the ring gear. 

[0067] Fig 11 is a representation ofthe Section 6-6 shown m Fig 1. The flexispline 24 is shown 
surrounding flie core 44. Three wmdings 48a. 48b and 48c con^rise windmg 48, • This is a three 
phase, smusoidaUy-distributed, wmding, which is a traditional windmg. The three phase wmdmgs 
48a, 48b and 48c are distributed about die core 44 in a weU-known manner. This wmding, and other 
versions of same, will serve to deflect flie fliexisplme m the manner described previously. Variable 
< speed and torque controlof this winding version can be achieved by means of commercially-available 
modified electronic A.C. induction-motor controllers. 

[0068] Fig 12 shows the flux distribution for a flexisplme motor havmg a polyphase two pole 
wkdmg excited by a smusoidal signal such as generated in Fig 11. The core 44 is surromided by a 
flexispline 24 (and in this instance an additional flux return patii is provided by outer cylindrical core 
45). 

[0069] It is to be noted tiiat the flux traverses the entire core 44 thus core losses are mevitable where 
die flux passes in and tiirough hub 47. The windmgs 48a,48b,48c, tend to have bulky end turns 
(which occupy an inordmate amount of space) at each end of ±e core 44. This also gives rise to 
substantial energy loss and heat generation in the stator core and flie windings 48a,48b,48c. 

[0070] It is proposed to use the core composed of stacked punchmgs such as fliose illustrated in Fig 8 
to excite the flexispline for some of flie alternative embodiments of fliis mvention. Fig 13 shows a 
core punching 344 having an dven number of core teefli but flie teefli of flie punchmg are shown 
having variable widflis. Core teefli 350, 352, 354, 356, 358, 360, 362, and 364 each have two teefli 
such as 366 and 368 interspersed fliere between. The core 344 is symmetrical m that fliis pattern is 
repeated throughout flie core 344. 
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[0071] Fig 14 shows core 344 having a four phase winding wound titiereon which will be excited by 4 
phase excitation having each phase separated by 90°. 

[0072] Smce the windings and core 344 are symmetrical, only one phase will be described in detail. 
Toofli 352 is supplied with a winding 400 which surrounds only the tootii 352. Wmding 400 is 
connected in a series bucking relationship (to ensure opposite magnetic flux flow directions) witii 
winding 402 on opposing tootii 360. These windings are energized between terminals A-Al. A pair 
of windings 404 and 406 are wound on core 344 to encompass te^ 368,352,370 and 384,360,386 
respectively. These windings are energized simultaneously wifli wmdings 400 and 402 to produce 
more flux in the area of teeth 352 and 360. 

[0073] The otiier tiiree pole pairs are ener^zed in 45 degree increments sequentially to move tiie flux 
pattern around flnrough 360° to cause a wave deflection of die flexispline. 

[0074] Fig 15 shows .tiie flux flow pattern for flje coils 400,404, 402 and 406 on dunibbeU shaped 
non variable wicMi coJe teefli 352. 368. 370, 360. 384 and 386 being fiilly ener^gized wifli flie coils 
surrounding teefli 350. 366, 396, 380, 358 and 382 being partially energized. Note tiiat tiie flux flow 
pattern is completely different from fliat iUustraled in Fig 12. The greatest concentration of flux is in 
teefli 352 and 360 which is shown linking adjacent teefli 350 and 358 instead of passing flirough tiie 
core hub as shown in Fig 12. For fliese reasons variable widfli straight teefli are flie preferred 
embodiment. 

[0075] The energizing current for flie coils is illustrated in Fig 16. This current wave form is a 
switehed DC current produced for each set of pole pair windings such as 400, 404, 402, 406 which 
produces a gradual rotational distortion of flie surrounding flexispline. Wifliout flie overlap of flie 
various phase currents in flie windings of flie core as diown in Fig 16 flie distortion of flie flexispline 
tends to occur in discrete steps. 

[0076] The frequenqr and an5>litude of the various currents should be controlled to adjust flie speed 
and radial force of flie distortion wave of flie flexispline. Suitable circuitry in block diagram form 
adaptable to achieve such control is shown in Figs 31A,31B.31C,31D (Ref. Texas Instrument 
Literature in BARA058 July 1977) 



[0077] While wmdings such as 48a.48b,48c. and 409.402,404.406, etc. , will fbnction to cause die 
. desired continuous wave distortion of flie flexispline 24 of flie motors 10. 110 and 210. . There are. 
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however, some more efficient windings which are capable of producing the distortion of the flexispline 
with less input energy to the magnetic system. 

[0078] Fig 17 shows a magnetic core 524 for a flexispline motor application such as shown in Figs 1, 
2, 7 & 8 in which the core is energized in a completely different manner than the core coil system 
sho^n in Fig 11. Fig 17 represents a partial perspective of a core to be used in a Switched Reluctance 
Magnetic System. The core 524 comprises a hub 526 and spokes 528 arranged in a spaced 
configuration comprising stacks of laminations to produce, in this instance, a magnetic core having 
eight poles. 

[0079] Fig 18 shows a typical winding 530 for any of tihie legs 528 of the core 524. Winding 530 is 
made to slip over the selfected leg 528 of core 524. Each pole 528 is fitted with a formed coil such as 
530. In all there will be eight such coils 530 placed over the individual legs of the core 524. 

. [0080] Fig 19 shows the core 524 having coils 530 placed over each leg; note the wiring sequence. 
Coil 530 which is placed on the 0A leg of core 524 produces flux in the opposite direction as its series 
connected mate 0A1. The actual winding configuration for 2 poles is shown more simplistically in 
Fig 20. Here the magnetic flux produced in legs 0A and the 0A1 is in direct opposition in the core. 
The remaining pairs of the six renoiaining poles are coimected in pairs in a similar manner to 0A and 
0A1. 

[0081] Fig 21 is a representation of the flux produced in the four phase switched reluctance core 524. 
Note how the flux produced in the 0A and 0A1 legs of core 524 is in durect opposition. The flux 
produced in the 0A divides and splits to link the 0B and 0D1 legs. Similarly the flux produced in the 
0A1 let splits and links the 0D leg and 0B1 leg. None of the flux produced in the 0A leg links the 
0A1 leg as in the conventional sinusoidally distributed winding illustrated in Fig 11. 

[0082] Energization of the coils 0A, 0B, 0C, 0D is straightforward. The complementary coils 0A 
and 0A1 are connected in series opposition, as are the balance of the coils. A four phase power 
supply is therefore required to produce a magnetic field which results in the production of a 
continuously moving elliptical distortion of the flexispline. The power supply should have both 
magnitude and frequency control to produce an output suitable for driving the flexispline motor for 
variable speed operation. 

• [0083] Fig 22 shows a representation of a double core switched reluctance motor 600. Here an inner 
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core 624 is provided with eight protruding poles (similar to core 524) numbered 632, 634, 636, 638, 
640, 642, 644 and 646. Poles 632-646 are energized in exactly flie same manner as poles 0A-0D etc. 
of Fig 19 with coils 648-660 being energized so that the flux produced in opposing poles (such as 636 
and 644) is bucking. 

[0084] All the flexispline motors illustrated in Figs 1,2,7,8, and 14 are provided with a core 
contained within the flexispUne itself. The flexispUneS motor 600 is provided with an external core 670 
which is composed of a series of stacked lammations which are formed into a unitary structure by 
techniques well known in the art. Core 670 is provided with eight poles 672-686 which face poles 
632-646. Poles 672-686 are provided with coils 688-704. Hexispline 610 is mounted coaxially with 
and midway between the poles 632-646 and 672 and 686. 

[0085] When coils 648 and 656 produce flux in a series bucking relationship, coils 692 and 700 are 
simultaneously energized to produce a magnetic pull (spaced 90'' mechanically) on the flexisplme 610 
mounted between die cores 624 and 670. The poles 692 and 700 are m space quadrature wifli poles 
648 and 656. While poles 648 and 656 pull th? flexispline 610 inwardly, poles 692 and 700 pull the 
flexispline outwardly to mcrease the force of engagement of the flexispline 610 witii its associated ring 
gear (not shown). 

[00861 This arrangement also permits the couplmg of a flexisplme having 2 sets of band gears, one 

on the inside, and one on the outside of the flexispline to engage an mtemal ring gear and an external 

r 

ring gear simultaneously. This would give rise to driving 2 loads with different gear ratios. 

[0087] The exterior core 670 should be securely mounted on a base (such as 12 m Fig 1) to hold the 
exterior core 670 in coaxial alignment with interior core 624 and flexispline 610.. 

[0088] This arrangement will serve to increase the force of engagement of the flexispline and its 
associated ring gear. This double excitation anrmgement wiU also function with the sinusoidal 
winding of Fig 11 . . All that is required is an exterior core, the poles of which produce a magnetic 
field in space quadrature wifli the field produced by the interior core 48. This provides the necessary 
' elliptical distortion of flexispline 610. ' 

[0089] Fig 23 is a representation of a pull-pull flexisplme motor having a four phase, three pole pull- 
puU type excitation. Motor 800 is provided witii a flexisplme 810, and an inner core 824 having 
twelve protruding poles (shnilar to core 624) numbered 846-868. Surroundmg flexispline 810 is a 
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stationary stator core 870 having poles 872-894 protruding inwardly therefrom. 

[0090] Poles 846-868 are provided with windings 896-918 and poles 872-894 are provided with 
windings 920-942 respectively. At rest, as shown in Fig 23, the flexispline 810 assumes a round 
shq>e and the gear teeth (not shown) of flexispline 810 Which are integral with flexispUne 810 do not 
engage the ring gear (not shown m Fig 23). Thus at rest the flexispline 810 assumes a circular shape 
in the unexcited state. 

[0091] Fig 24 illustrates the resultant shaping of flexisplme 810 when one of the four phases is 
energized. 

[0092] Here inner poles 848, 856 and 864 are energized by windings 898, 906 and 914 so as to 
deflect flexispline 810 inwardly, while outer poles 876, 884 and 892 carrymg windmgs 924, 932 and 
940 respectively distort the flexispline outwardly to produce a tri-mode engagement with .the 
flexispline 810 and its ring gear or gears. 

• ' t • 

[0093] Fig 25 shows the energization of the next phase when coils 900,908 and 916 of inner poles 
850, 858 and 866 are energized. 

[0094] Simultaneously coils 926,934 and 942 on outer poles 878, 886 and 894 are energized to move 
flie distortion wave ahead 1 pole from that shown in Fig 24. 

[0095] Fig 26 shows the energization of the six poles of the next phase and the resulting distortions of 
the flexispline 810. 

[0096] Thus tiie distortion of the flexispline moves tiirough 120 space degrees for the successive 
sequential energization of four poles. Energization of tiie respective poles is provided by using 
chopped pulses of dc such as shown in Fig 27. If the toofli differential between the flexispline and flie 
ring gear (assmne the ring gear is external to the flexispline) is 3. flien for 1 complete excitation mode 
excursion through 360 deg (space) there are 2 cycles of energization of each coil of die motor 800. 
This will advance the ring gear by 3 teeth during one excursion of flie tricomal shape of the 
flexispline. In a flexisplme such as shown in Figs 1, 2, 7, 8 and 14 where the difference in teeth 
between the flexispline and ring gear is two teeth, the ring gear would advance only 2 teeth so that the 
tricomal shape lessens the gear reduction ratio. 
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[0097], Up to this juncture the various flexispliae motors have generally embodied a cup shaped 
flexispline arrangement (a cylinder with one end open the other end closed). The main function of this 
cylinder is to transfer the full torque from the band gear teeth 42 (ref . Fig 1) back to the base plate 12 
(Fig 1), in addition to facilitating elliptical or tricomal distortion of same. This function requires the 
cylinder (flexispline) to possess adequate shear stiffness in order to transfer adequate torque. This in 
turn, along with the closed cup end generally increases the flexispline distortion resistance, which in 
turn reduces output torque and efficiency. A new embodiment will now be described. 

[0098] Fig 28 shows the essential component parts of flexispline motor 10. A core 12 is mounted in 
a frame (not shown) which prevents rotation of core 12. Core 12 may be composed of a stack of 
stamped laminations or it may be a composite, cast of magnetic material. The core 12 is provided 
with a shaft 15 having ends 14 and 16 at due opposite ends of core 12. Shaft end 14 is fixed so as to 
TTn^^iyitaiTi core 12 stationary. Core 12 has a series of protrudmg ribs 18 formed in the surface thereof 
separated by valleys 20. The ribs 18 and the valleys 20 form a spline on which ttie sleeve type 
flexispline 22 is received m a spline engaging arrangement. The valleys 20 may also serve to house 
the windings necessary for the production of the electronnagnetic field in the core. 

[0099] Flexispline 22 which is of the form of a hollow cylinder has internal flexible ribs 24 
Opreferably of a polymeric material) and valleys 26 which mate with valleys 20 and ribs 18 of the core 
10. 

[0100] The fit between the flexispline 22 and the core is somewhat loose to permit the requked 
flexing of the flexispline in a radial direction, but prevents motion of the flexispline 22 in a 
circumferential direction. 

[0101] An mtemal band gear 30 is fitted into one end of flexispUne 22 so as to be mtegral therewith. 
The band may be bonded to the sleeve type flexispline 22 or permanenfly fastened to the sleeve 
flexispline by some accep^ble method. 

[0102] It is important that the band gear 30 and the sleeve type flexispline be capable of the distortion 
in the presence of a rotatmg magnetic field established m core 12, m order to distort from a circular 
cross section to an elliptical one in order to achieve proper operation of motor 10. Thus the use of 
materials having a low ela3tic modulus for both the flexisplme and flie band gear is a necessity to 
achieve optimum operation of the motor 10. 
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[0103] Fig 29 shows a cross section of the final assembly of motor 10. la this Fig, the shaft end 14 
is permanently fixed to a reference to support motor 10. Shaft 14 is not permitted to turn. Coil 
windings 32 are shown on core 12 and are generally located in valleys (core slots) 20. 

[0104] A fulcrum and retainmg ring 34 is generally provided near die end of sleeve type flexispline 
22 to establish and stabilize the rest position of the flexispline 22 on core 12. 

[0105] A gear 36 is mounted on an assembly 38 for rotation on shaft 16 of motor 10. Gear 36 has 
external teeth 40 to engage with the band gear teeth 42. The teeth 42 of band gear 30 do not 
necessarily engage the teeth 40 of gear 36 under rest conditions. 

[0106] The gear assembly 38 is mounted on bearings 44 for efficient rotation. Gear assembly 38 
terminates in output shaft 46. 

[0107] Core 12 is pennanenfly fixed to the shaft 14-16 by means of key 50. 

i ' . ' ' • * • . ' 

[0108] The motor functions as follows. 

[0109] A rotating magnetic field is established in core 12 by windings 32. The magnetic attraction 
established by flie magnetic field in core 12 attracts flie magnetic sleeve type flexispline 22 so tiiat 
opposite sides of the flexispline are drawn inwardly so that band gear 30 contacts the 40 of gear 36 at 
two diametrically opposed points. 

[0110] As the magnetic field sweeps mound the core 12 die distortion of die flexispline 22 and band 
gear 30 sweeps around gear 36 and core 12. 

[0111] Because there are more teeth m the band gear 30 than the gear 36, the gear 36 rotates 
(according to the tooth differential) in a direction opposite to the rotating magnetic flux. 

[0112] The ring 34 which may be fitted mto sleeve 22 and core 12 by means of a circumferential 
groove and flange Sbrves as a hmge, if described for die flexure of die flexispline 22 on core 12 
during operation. 

[0113] The flexispline 22 may be made of a composite magnetic material, and or it may be wound 
widi a magnetic wire or magnetic coated tape, such as a polymeric material having magnetic particles 
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contained therein to enhance its magnetic characteristics while not increasing substantially to ±e 
stif&iess of the sleeve. 

[0114] Those skilled in the art will recognize that die motor 10 of Fig 29 can be reconfigured as the 
arrangement 101 of Fig 30 to place the angular flirust roller bearings 44 inboard of die magnedc core 
12, and to reduce die magnitude of any off-centred load. In this case die band gear 301 is placed on 
die external surface of die flexispline 22, and the teefli 401 are placed on the internal surface of gear 
36.. Also shown in Fig 30 is die potential placement of a rim 501. and tire 601, assembly for traction 
vehicle applications, and in-wheel arrangements in particular. Elements of fliis arrangement are also 
appUcable to die motors 10 (Fig 1), 110 (Fig 2). 210 (Fig 7), 210 (Fig 8), 310 (Fig 9), and 410 
(Fig 10). 

[01 15] In summary, die flexispline motor of this invention preferably places the electro-magnetic core 
inside die flexispline and concentrates the radial distortion force and maximizes the flexisplme flux 
flow area. Tliis construction has definite advantages over prior art devices in that the motor may 
produce greater torque and be mudi smaller and less complicated than previous devices. 

[0116] The torque and power efficiency produced by a flexispline motor depends to a large extent on 
the square of the diameter of the flexispline. In prior art devices the flexispline is surrounded by an 
Electro-magnetic core structure; thus the diameter of the flexispline is much less dian the external 
diameter of die motor structure. The applicant's stracture, generally places die flexispline near the 
outer extremities of the motor dius mcreasing the torque versus motor size ratio significantiy , and 
reducing flexispline stiffiiess when compared to prior art motors. 

[0117] The structure of die flexispline motor of diis ^plication is ideally suited for applications such 
as traction motor, robot jomt, and snow blower auger drives, because of compactness, requisite high 
torque at low^ speed capability and the capacity to free wheel when the magnetic core is unexcited. 
Anoflier application relates to hybrid automobile drives, and particularly, in retrofit situations, by 
placing in-wheel drives at the rear end of front wheel drive vehicles. 

[0118] In anothfer embodiment of this invention die flexispline motor places an electro-magnetic cdre 
both inside and outside of the flexispline, this allowmg tricornal distortion of same. This has an 
advantage m some applications requiring smaller gear ratios and greater stiffiiess. 

[0119] The utilization of die composite flexispline embodying a magnetic filament or tape winding 
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reduces iiie radial distortion stif&ess whilst maximizing the return path magnetic flux flow area. This 
improves the power output by increasing the torque and improving the efficiency of tihie subject' 
devices. 

[00120] A comparison was made, above, between the commutation of one version of the 

flexispline motor, and a switched-reluctance (SR) motor. It is recognised that the poles in tihie 
flexispline motor can be regarded as equivalent to the poles in an SR motor, and it is recognised that 
the commutation of a flexispline motor is similar enough to that of a SR motor, that the flexispUne 
motor can take advantage of the existing well-developed SR commutation technologies. Figs 
31A,31B,31C,31D show how the typical text-book manner of commutating a SR motor may be 
applied to a flexispline motor. 

[00121] In Figs 31A,31B,31C, the abbreviations are: 

PI == proportional integral 

PID = proportional integral /derivative 

J&l = £^-back current 

Icrods^tconmiand current 

PWM = pulse widdi modulation 

DSP = digital signal processor 
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Claims 

Claim 1, A fiexispline motor having a cylindraceous magnetic core, a flexispline and rotatable hub 
means mounted on suitable siq>port means in a working relationship, 

[02] said core being provided with a set of suitable windings to produce a rota ti n g magnetic field. 

[03] a flexispline comprising a disc portion and cylindrical portion integrally joined together to 

fonn the general shape of an open ended tin can mounted on said support means in such a 
manner that it encompasses said magnetic core and is in a coaxial relationship with said 
core, 

[04] said cylindrically sh25)ed portion of said flexispline comprising an elastically deformable 
magnetic material and being in a closely spaced relationship with said core but not 
touching said core in an unexcited magnetic state, 

[05] said flexispline having toothed external gear means formed thereon ia the form of an 

elastically deformable band encircling the exterior surface of said cylinder generally near 
the open end of said flexispline, 

[06] hub means mounted on said support means adjacent to and coaxially witii said flexispline, said 
hub having compleiaentaiy ring gear means overiying but closely spsjced with said gear 
means on said flexispline, 

[07] said open end of said flexispline and said gear means being distorted m the presence of a 

magnetic field in said core to form a general elliptical shape such that said gear means on 
said flexispline exhibits toothed engagement with said ring gear on said hub at the two 
opposite points on the major axis of the elliptical shape so formed. 

Claim 2. A flexispline motor having a cylindraceous magnetic core, a flexispline and rotatable hub 

means moimted on suitable support means in a working relationship, 
[02] said core being provided with a set of suitable windmgs to produce a rotating magnetic field, 
[03] a flexispline comprising a disc portion and cylindrical portion integrally joined together to 

fonn the general shape of an open ended tin can mounted on said support means in such a 
manner that it encompasses said magnetic core and is in a coaxial relationship with said 
core, 

[04] said cylindrically shaped portion of said flexispline comprising an elastically deformable 
magnetic material and being in a closely spaced relatioxlship wilh said core but not 
touching said core in an unexcited magnetic state, 
[05] said flexispline having an elastically deformable tooled internal gear means fonned thereon on 
the interior surface of said cylinder in the form of a band, near the open end of said 
. . _ ' flexispline. 
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[06] hub means mounted on said siq>port means adjacent to and extending coaxially with said 
flexispline, said hub having conq)Iementaiy toothed gear means fonned thereon at one 
end thereof, 

[07] said gear means being encircled by said elastically defonnable toothed internal ring gear 

means of said flexispline, 
[08] said gear means and said internal ring gear being in closely spaced relationship, but not 

touching in an unenergized magnetic state, 
[09] said internal ring gear being distorted upon the presence of a magnetic field in said core to 

assume an elliptical shape and contact said ring gear at the minor axis of the elliptical 

shape so formed. 



Claim 3. A fiexispline motor as claimed in claim 1 wherein said flexispline is wound with or as a 
helix of a magnetic wire material. 

Claim 4. A flexispline motor as claimed in claim 2 wherein said flexispline is wound with or as a 
helix of a magnetic wire noiaterial. ^ 

' Claim 3. A flexispline motor comprismg a base, having post means mounted on said base to 

support a cylindraceous magnetic core thereon and rotatably support a hub means thereon, 
[02] said base and post also supporting a magnetic flexispline having the shape of an open ended 

tin can which extends coaxially with said post and core so as to closely surround said 

magnetic core but not touch it at a rest condition, 
[03] said flexispline having external gear means formed therein near the open end thereof 

extending conq)letely aroimd said flexispline, 
[04] said hub means having complementary gear means extending inwardly from a ring gear means 

on said hub means, said ring gear means surrounding said external gear means on said 

flexispline in closely spaced relationship, 
[OS] winding means on said core to establish a rotating magnetic field in said core, 
[06] said flexispline undergoing a cyclic elastic deformation in die presence of a rotating magnetic 

field in said core to distort said open end of said flexispline from a circle to an ellipse, 
[07] said external gear means also beihg distorted to form an ellipse in the presence of a magnetic 

field in said core, wherein the external gear means engages said ring gear at the 

extremities of said ellipse major axis. 



Claim 6. . . A flexispline motor comprising; 
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[02] a cylindraceous magnetic core having an electrical winding system incorporated in said core, 
[03] a flexispline con5)rising a disc portion and a cylindrical portion integrally joined together to 

form the general shape of an open tin can first gear means formed on said cylindrical 

portion near the open end thereof, 
[04] said cylindrical portion being formed of an elastically deformable magnetic material, said 

flexispline being supported in said motor so as to enjoy a coaxial overlying relationship 

with said core, 

[05] hub means moimted supported in said motor for rotation about an axis which is coaxial with 
said core and flexispline, ring gear means provided on said hub encircling said &st gear 
means, 

[06] • said flexispline being moimted in said motor so that at rest said first gear means does not 

touch any part of said ring gear, but upon distortion of said flexispline in the presence of 
a suitable magnetic field, said first gear means assumes an elliptical shape wherein said 
first gear means engages said ring gear at the opposing ends of the elliptical shape so 
formed. 

Claim 7. A flexispline motor having a base, a hollow post affixed to said base, a cylindraceous 

magnetic core and a flexispline mounted on said base and said hollow post so as to-enjoy 
a coaxial working relationship with said hollow post, 
[02] said core being provided with a set of suitable windings to produce a rotating magnetic field, 
[03] a flexispline comprismg a disc portion and cylindrical portion integrally joined togetiier to 
form the general shape of an open ended "tin can. mounted on said support means in 
such a maimer that it encompasses said magnetic core and is in a coaxial relationship with 
said core, 

[04] said cylindricaUy shaped portion of said flexispline comprising an elastically deformable 
magnetic material and being in a closely spaced relationship with said core but not 
touching said core in an unexcited magnetic state, 

[05] said flexispline having toothed external gear means formed thereon in the form of an 

elastically deformable band encircling the exterior surface of said cylinder near tiie open 
- end of said flexispline, 

[061 shaft means mounted witiiin Said post means on suitable bearings for rotation within said post 
and passing tiirough said base, said shaft means being connected to a disc shaped hub at 
an end opposite said base, 
[07] . ring gear means carried by said hub in a working relationship with said flexispline, 
[08] • said ring gear means and flexispline gear means having gear teeth that wiU mesh, but differ in 
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number^ 

[09] said open end of- said flexispline and said gear means being distorted in the presence of a 

magnetic field in said core to form a general elliptical shape such that said gear means on 
said flexispline exhibits toothed engagement with said ring gear on said hub at die two 
opposite points on the major axis of the elliptical shape so formed. 

Claim 8. A flexispline motor having a cylindraceous magnetic core, a flexispline and rotatable hub 
means momited on a suitable shaft at a point uitermediate its ends, 

[02] said shaft means passing widiin said magnetic core and being supported on suitable bearing 
means, 

[03] said shaft means being accessible at both ends of said motor, 

[04] said core being provided with a set of suitable windings to produce a rotating magnetic field, 
[05] a flexispline comprising a disc portion and cylindrical portion integrally joined together to 

form the general shape of an open ended tin can momited on support means in such a 

maimer that it encompasses said magnetic core and is in a coaxial relationship with said 

core, ^ 
[06] said cylindrically shaped portion of said flexispline comprising an elastically deformable 

magnetic material and being in a closely spaced relationship with said core but not 

touching said core in an unexcited magnetic state, 
[07] said flexispline having an elastically deformable toothed internal gear means formed thereon 

on the interior surface of said cylinder in the form of a band, near the open end of said 

flexispline, 

[08] hub means carrying a ring gear means mounted within said flexispline and extending coaxially 

with said flexispline, said ring gear means being encircled by said elastically deformable 

toothed internal ring gear means of said flexispline, 
[09] said gear means and said internal ring gear having teeth which will mesh but differ in nuniber 

and being in closely spaced relationship, but not touching in an unenergized magnetic 

state, 

[10] said internal gear means being distorted upon the presence of a magnetic field in said core to 
assume an elliptical shape and contact said ring gear at the minor axis of tiie elliptical 
* shape so formed. 



Claim 9. A flexispline motor as clahned in claim I wherein said flexispline is wound with a helix 
of a magnetic wire material. 
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Claim 10. A flexispline motor as claimed in claim 2 wherein said flexispline is wound with a helix 
of a magnetic wire material. 

Claim 11. ' A flexispline motor comprising a base, having hollow post means mounted on said base to 
support a cylindraceous magnetic core thereon and a rotatable shaft mounted within said 
hollow post means and protruding from at least one end of said hollow post means, 

[02] said base and hollow post also supportmg a magnetical permeable magnetic flexispline having 
the shape of an open ended tin can which extends coaxially with said post and magnetic 
core so as to closely surround said magnetic core but not touch it at a rest condition, 

[03] said flexispline having external gear means formed therein near the open end thereof 
extending completely around said flexispline, 

[04] said shaft having complaoaentary ring gear means mounted thereon in a working relationship 
with said flexispline gear means, said ring gear means surrounding said external gear 
means on said flexispline in closely spaced relationship, 

[05] said ring gear means and said flexispline external gear means having teeth which will mesh, 
but differi in number , 

[06] winding means on said core to establish a rotating magnetic field in said core, 

[07] said flexispline undergoing a cyclic elastic deformation in the presence of a rotating magnetic 

field in said core to distort said open end of said flexispline from a circle to an ellipse, 
[08] said external gear means also bemg distorted to form an ellipse in the presence of a magnetic 
field in said core, wherein the external gear means engages said ring gear at the 
extremities of said ellipse major axis to cause said ring gear and shaft to rotate. 

Claim 12. A flexispline motor comprismg; 

[02] a cylindraceous magnetic core having an electrical winding system incorporated in said core, 
[03] a flexispline comprising a disc portion and a cylindrical portion integrally joined together to 

form the general shape of an open tin can first gear means formed on said cylindrical 

portion near the open end thereof, 
[04] said cylindrical portion being formed of an elastically deforn:iable magnetic material, said 

flexispline being supported in said motor so as to enjoy a coaxial overlying relationship 

with said core, 

[05] hub means mounted on a shaft supported in said motor for rotation about an axis which is 
coaxial with and passes through said core and flexispline, ring gear means provided on 
said hub encircling said first gear means, 

[06] said ring gear means and first gear means having teeth which mesh but differ in number, said 
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flexispline being mounted in said motor so that at rest said first gear means does not touch 
any part of said ring gear, but upon distortion of said flexispline in the presence of a 
suitable magnetic field, said first gear means assumes an elliptical shape wherein said first 
gear means engages said ring gear at the opposing ends of the elliptical shape so formed, 
[07] said shaft having two ends which protrude firom both ends of said motor. 

Claim 13. A magnetic core for a flexispline comprising a magnetic core of a hub and spoke shaped 
construction, 

[02] said core comprising stacked laminations to form a unitary structure having an even number 

of radially spaced spoked poles surrounding said hub, 
[03] a winding fitted to each pole to produce a magnetic field in each pole, 
[04] the windings on each pair of opposing poles on said hub being energized to produce magnetic 

fields which oppose each other. 

Claim 14. A magnetic core as clauned in claim 1 wherein the coils o each pair of opposing poles on. 
said hub are coimected in airseries relationship. 

Claim 15, A magnetic core for the production of a continuous wave deflection of a magnetic 

flexispline member in a flexispline motor comprising, 
[02] a series of stacked laminations stacked together to form a unitary core having a hub and spoke 

configuration, such that an even number of core legs^ extend radially firom said core hub at 

evenly spaced intervals, 
[03] each leg being supplied with suitable coil means, 

[04] each coil being sequentially energized firom a suitable source of to electrical energy to produce 

a rotating electrical field in said core, 
[OS] and wherein the magnetic forces produced in each opposing pair of core legs is m a bucking 

relationship. 

Claim 16 A magnetic core as claimed in claim 3 wherein the number of core legs is eight, 

[02] and the source of electrical energy is a four phase source having both frequency and amplitude 

control of the output wave forms, 
[03] and the coils on each pair of opposing pairs of core legs is coimected to said source of 

electrical energy in a series bucking relationship. 



Claim 17. In a flexispline motor having a distortable magnetic flexispline member, a magnetic core 
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* having outwardly projecting poles mounted inside the flexispline, a magnetic core having 
inwardly projecting poles mounted exteriorly of said flexispline, both cores presenting a 
cylindrical pole exposure to said flexispline, 
[02] and wherein said poles of said magnetic core mounted inside said flexispline being energized 
in space quadrature with said poles of said exteriorly mounted magnetic core. 

Claim 18. A flexispline motor having a first cylindraceous magnetic core, a flexispline and rotatable 
hub means mounted interiorly on said flexispline on suitable support means in a working 
relationship, 

[02] said first core being provided with a set of suitable wmdings to produce a rotating magnetic 
field, 

[03] a flexispline comprising a disc portion and cylindrical portion integrally joined together to 

form the general shape of an open ended tin can mounted on said support means in such a 
manner that it encompasses said first magnetic core and is in a coaxial relationship with 
said core, 

[04] said cyUndrically shaped portion of said flexispline comprising an elastically deformable 

magnetic material and being in a closely spaced relationship with said core but not 

touching said first core in an unexcited magnetic state, . 
[05] a second magnetic core mounted exteriorly of said flexispline and surrounding but not 

touching said flexispline in its unexcited state, 
[06] said flexispline having toothed external gear means formed thereon m the form of an 

elastically deformable band encircling the exterior surface of said cylinder near the open 

end of said flexispline, 

[07] hub means mounted on said support means adjacent to and coaxially with said flexispline, said 
hub having complementary ring gear means overlying but closely spaced with said gear 
means on said flexispline, 

[08] said open end of said flexispline and said gear means being distorted in the presence of a 

magnetic field m both cores to form a general elliptical shape such tiiat said gear means 
on said flexispline exhibits tootiied engagement with said rmg gear on said hub at die two 
opposite points on the major axis of the elliptical shape so formed. 

Claim 19. A flexispline motor having a first cylindraceous magnetic core, a flexispline and rotatable 
hub means mounted on suitable support means in a working relationship, 

[02] said first core being located within said flexispline and bemg provided with a set of suitable 
windings to produce a rotating xnagnetic field; 
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[03] a flexispline comprising a disc portion and cylindrical portion integrally joined togetiier to 

form the general shape of an open ended tin can mounted on said support means ia such a 
manner that it enconipasses said &st magnetic core and is in a coaxial relationship witii 
said first core, 

[04] said cylindrically shaped portion of said flexispline comprising an elastically deformable 

magnetic material and being in a cjosely spaced relationship with said first core but not 

touching said core in an unexcited magnetic state, 
[05] a second magnetic core mounted exteriorly of and surrounding said flexispline for producing a 

magnetic field in space quadrature with said first core, 
[06] said flexispline having an elastically deformable toothed internal gear means formed thereon 

on the interior surface of said cylinder in the fonn of a band, near the open end of said 

flexispline, 

[OTj hub means mounted on said support means adjacent to and extending coaxially with said 
flexispline, said hub having complementary toothed gear means formed thereon at one 
end thereof, 

[08] sMd gear means being encircled by said elastically deforatiable toothed internal ring gear 

means of said flexispline, 
[09] said gear means and said internal ring gear being in closely spaced relationship, but not 

touching in an unenergized magnetic state, 
[10] said mternal ring gear being distorted upon the presence of a magnetic field in said cores to 

assume an elliptical sl^pe and contact said ring gear at the minor axis of the elliptical 

shape so formed. 



Claim 20. A flexispline motor as claimed in claim 1 wherein said flexispline is wound with or as a 
helix of a magnetic wire material. 

Claim 21. A flexispline motor as claimed in claim 2 wherein said flexisplme is wound with or as a 
helix of a magnetic wire material. 

Claim 22. A flexispline motor conq>rising a base, having post means mounted on said base to 

support a first cylindraceous magnetic core thereon and rotatably support a hub means 
thereon, 

[02] said base and post also supporting a magnetic flexispline having the shape of an open ended 
tin can which extends coaxially with said post and core so as to closely surround said first 
magnetic core but not touch it at a rest condition, 
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[03] a second magnetic core mounted on said base enclosing said flexispline but not touching it, 
[04] said flexispline having external gear means formed therein near the open end thereof 

extending completely around said flexispline, 
[05] said hub means havmg complementary gear means extending inwardly from a ring gear means 

on said hub means, said ring gear means surrounding said external gear means on said 

flexispline in closely spaced relationship, 
[Ssi windmg means on said cores to establish two rotating magnetic fields in spaced quadrature in 

said motor, 

[07] said flexispline undergoing a cyclic elastic deformation in the presence of a said rotating 

magnetic fields in said core to distort said open end of said flexispline from a circle to an 
ellipse, 

[08] said external gear means also being distorted to form an ellipse in the presence of a magnetic 
field in said cores, wherein the external gear means engages said ring gear at the 
extremities of said ellipse major axis. 

Claim 23. A flexispUne motor conq)rising; . i , 

[02] a first cylindraceous magnetic core having an electigca^i^^ding system incorporated in said 
core, 

[03] a flexispline comprising, a disc portion and a cylindrical portion integrally joined together to 

form the general sh^e of an open tin can first gear means formed on said cylindrical 

portion near the open end thereof, 
[04] said cylindrical portion being formed of an elastically deformable magnetic material, said 

flexispline being supported in said motor so as to enjoy a coaxial overlying relationship 

with said first core, 

[05] a second magnetic core mounted in said motor and surrounding said flexispline in spaced 
coaxial relationship, 

[06] hub means mounted supported in said motor for rotation about an axis which is coaxial with 
said core and flexispline, ring gear means provided on said hub encircling said first gear 
means, said fiexispline being mounted in said motor so that at rest said first gear means 
does not touch any part of said ring gear, but upon distortion of said flexispline in the 
presence of a suitable magnetic field in botih cores, said first gear means assumes an 
elliptical shape wherein said first gear means engages said ring gear at titie opposing ends 
of the elliptical shape so formed. 



Claim 24. A core for a flexispline motor said core having a circular configuration and having a 
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series of radially extending teeth protruding from said core, said teedi having teeth of 
variable widths arranged in a regular sequence around the circumference of said core 
separated by slots of uniform width. 

Claim 25 . A core for a flexi^line motor comprising a stack of laminations arranged to form a 
substantially cylindrical core, said core having a series of projecting teeth having two 
distinct widths separated by slots of equal width, and wherein teeth of lesser width are 
double the number of the teeth of wider widtii. 

Claim 26. A winding system for the core of claim 2 wherein each core tooth of wider width is 

provided with a first coil and a secondary coil is made to encircle said first coil plus the 
teeth of lesser ^dth on either side of said core tooth of wider widdi. 



Claim 27. A flexispline motor comprising an electromagnetic core, a fiexispline sleeve, and a gear 
device wherein: 

[02] said core is mounted on a stationary member and has the general shape of a cylinder having a 
splined exterior surface, said core having a set of windings incorporated therein to 
produce a rotating magnetic field in said core, 

[03] a magnetically penneable sleeve mounted coaxially on said core having die shape of a hollow 
cylinder having an interior cylindraceous surface having a spline formed in said interior 
surface to mate with said splined exterior surface of said core in a sliding relationship 
which permits flexing in a radial direction and transfer of torque but which does not 
permit said sleeve to move in a circumferential direction, 

[04] said sleeve having an overlapping end extending beyond said core, said overlapping end of 
said sleeve having an internal gear formed therein having a predetermined tooth form of 
constant pitch, a driven gear being mounted within said overlapping end of said sleeve in 
a coaxial relationship with said core and said sleeve, 

[05] said driven gear having teeth which mesh with said internal gear and being mounted to permit 
rotation about a central axis of said sleeve and core, said gear and said sleeve being in a 
non contactiing relationship in the absence of a magnetic field in said core, 

[06j said sleeve undergoing a cyclical elastic deformation in the presence of a rotating magnetic 
field in said core to form an elliptical shape such that the internal gear fanned in said 
sleeve contacts said driven gear in the presence of a rotating magnetic field in said core, 
such that the opposing ends of the minor axis of the elliptical shape so formed by said 
sleeve and internal gear contact said driven gear, to cause said driven gear to rotate. 
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Claim 27. A flexispline motor comprising: 

[02] a flexispline mounted coaxially with and between an inner magnetic and an outer magnetic 
core, 

[03] said inner core having a plurality of salient poles being in member a multiple of fiuree, each 
pole having a winding wound diereon for producing an electromagnetic field in said pole 
when said winding is energized, 
[04] said outer core having a series of circumferentially spaced inwardly extending poles equal in 
number to counterpart poles on said inner core and spaced oppositely firom the 
counterpart poles on said inner core, 
[03] said poles being energized so that three equally spaced poles on said stator are raergized 

simultaneously with three previously selected poles on said inner core which are spaced 
midway between mergized poles on said outer core, 
[06] said flexisplme being deformed from a circle to a tricom in the presence of said energized 
poles. 

29. A flexispline motor comprising a magnetic fle^spline having the general shape of an open 
tin can, having a predetermined radius r, 
said flexispline having a set of gear teeth incorporated in a predetermined smf ace of said 

flexispline near the open end of said flexispline, 
said flexispline being xnounted coaxially within and between a pair of substantially 
cylindrically extending magnetic core assemblies, 

t 

an inner core assembly having a series of salient poles whose number is a multiple of three 
protruding therefrom so tibat the pole tips of said inner core assembly lie in the locus of a 
circle havmg a radius r 1 , 
an outer core assembly having a series of inwardly extending poles equal in nuniber to the 
poles on said inner core assembly, such that each pole on said outer core assembly is 
spaced directiy opposite from a pole on said inner core assembly, the pole tips of said 
outer core assembly lie in the locus of a circle havuxg radius r2 such that r2 is greater than 
r is greater than rl. 

'Claim 30, A prime-mover apparatus, for converting supplied electrical energy* into rotary 

mechanical motion of a rotor with respect to a stator, about a drive-axis, wherein: 
[02] the stator includes a thin-walled annulus; 

[03] the annulus is provided with gear teeth, which form a stator-drive-gear; 
[04] the annulus is sufiicientiy thin-walled as to be elastically deformable radially, being 
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defonnable in the sense that fte annulus takes on a lobed configuration, upon radially- 
directed forces being applied to the annulus; 

[05] tlie rotor is provided wifli gear teeth, which form a rotor-drive-gear; 

[06] the rotor-drive-gear is a solid structure, not deformable to a lobed configuration; 

[07] the rotor-drive-gear is concentric with the stator-drive-gear, and the number SGT of teeth on 
the stator-drive-gear is different firom the number RGT of teeth on the rotor-drive-gear; 

[08] flie stator-drive-gear and the rotor-drive-gear are so configured that, when the thin-walled 
annulus of the stator has deformed to the lobed configuration, portions of the stator- 
drive-gear teeth corresponding to the induced lobes of the ammlus move radially into 
meshing engagement with teeth of the rotor-drive-gear; 

[09] the stator includes N electrical coils, located at respective coil-orientations, around the drive- 
axis; 

[10] the coils are so structured and arranged that, when energised with electricity, the coils create 
poles which exert respective radially-directed magnetic forces; 

[1 1] tiie arrangement of the apparatus is such that the said radially-dkected forces act upon the 
thin-walled annulus, and induce the annulus to deform into the^lobed configuration; 

[12] the apparatus includes a commutator, for receiving the supplied electrical energy, and for 
switching same to the coils, thereby energising and de-energising the coils; 

[13] the ^paratus includes a cyclic-operator, for operating the commutator for energismg and de- 
energising the coils sequentially in a rotational pattern, around the drive-axis; 

[14] the arrangement of the apparatus is such fliat operating the commutator in the said rotational 
pattern is effective to drive the lobed configuration of the thin-walled stator annulus to 
rotate around the drive-axiis, its speed of rotation being a lobe-rotate-speed LRS rpm; 

[15] whereby the rotor-drive-gear is driven to rotate at a speed of LRS * (SGT-RGT) / SGT kpm. 




A core for a flexispline motor is enclosed within a distortable flexispline having the shape of an open 
tin can, such that under rest conditions the space between the flexispline and the core is constant. The 
core of the motor is shaped as in a hub and spoke configuration, with spokes havmg variable widths. 
Coils are fitted to the spokes and are connected in pairs such that pairs of coils on opposing spokes are 
in series bucking relationship. A second set of coils, which overlap the first coils, can be connected in 
a non-bucking manner to mcrease the magnetic flux produced by the coils on opposmg spokes. The 
flexisplme has a flexible ring gear incorporated in its surface near the open end which when 
magnetically attracted ceases to have a circular shape and forms a two-lobe (elliptical) or three-lobe 
sh^e. Under these conditions the corresponding points of the shape so formed contact a ring gear 
which is moimted on a rotatmg hub. The points of the flexible ring gear which correspond to the 
minor axes contact the surface of the core. As the magnetic force rotates the distorted shape rotates, 
but the flexispline itself does not rotate. Because the number of teefli on the ring gear and the flexible 
gear are different, flie hub is forced to rotate at reduced speed. An alternative construction embodies a 
splined locking arrangement to^rotatably fix an open cylmder, composite material flexispline to the 
electromagnetic core. Other concentric pairs of inner and outer electromagnetic winding arrangements 
achieve pull-in pull-out flexispline distortion of elliptical or three-lobe shape. 



